Summary
In children with CMPI there may be gastrointestinal symptoms only, or these may be combined with other allergic manifestations such as eczema or asthma. In many CMPI children diagnostic tests for allergy-skin prick tests or RAST-are negative and the serum IgE is not raised (7, 11, 20) . This is especially so in those children with only gastrointestinal symptoms. But challenge with cow's milk often produces profound changes in the small intestinal mucosa, including villous atrophy of varying degree (9, 10, 12, 34) and increased numbers of eosinophils (41) intra-epithelial lymphocytes (40) and plasma cells (10, 21, 33, 34) . It has not been established whether the increase in plasma cells is just part of a generalized, non-specific response of the immune system to antigenic stimulation (23, 37) or whether it represents a specific response to milk-protein antigens at the point of entry.
In order to study the mucosal immune response to bovine milk proteins we have developed a simple direct immunofluorescent technique for the presence of plasma cells containing specific antibody to two bovine milk proteins, PLG and BSA. Brief, preliminary reports of this work have been published (16, 27) .
MATERIALS AND METHODS
Patients. Twenty-three children, aged 2-25 months, had been routinely referred to us for diagnostic jejunal biopsy. Informed consent to carry out this procedure was obtained from the parents.
In 15 children a diagnosis of CMPI was made, based on a history of vomiting, diarrhoea, and weight loss (or exacerbation of eczema in atopic children) when on CM and improvement when on a CM-free diet. Details of presenting symptoms, dietary history, and results of challenges are given in Table 1 . Four of these fifteen patients had additional allergies: to eggs (Nos. 6, 13, and 15), chicken, fish, and antibiotics (No. 11). Five of the fifteen had atopic symptoms such as eczema (Nos. 2, 8 and 13), asthma (NO. 13), and urticaria (No. 6). Five patients (Nos. 4, 5, 9, 10 and 11) were challenged with CM at the time of investigation, and had pre-and postchallenge biopsies as previously described (34); patient No. 4 had a second challenge at age 18 months. In this group a total of 23 biopsies were performed, 16 while the patient was taking CM and 7 while the patient was on a CM-free diet.
Eight children whose symptoms could not be related to consumption of CM served as the control group. (Table 2 ). All were receiving CM at the time of jejunal biopsy.
Biopsy specimens. Upper jejunal biopsy specimens were obtained with a paediatric Crosby capsule. They were divided into at least two portions, which were fixed immediately, one for routine histology and one for immunofluorescence (15) . Assessment of the villous morphology, normal or partial villous atrophy, was made as previously described (29) .
Methods. PLG (3 times crystallised) (Sigma London Chemical Co. Ltd., Poole, England) and BSA (Sigma, essentially globulinfree) were conjugated with FITC (Isomer I) (BDH Chemicals Ltd., Poole, England) and PLG was also conjugated with TRITC (Isomer R, crystalline) (Nordic Immunological Laboratories, Maidenhead, England). The method used was derived from Johnson et al. (13) and Brandtzaeg (3) . For FITC labelling, 1 mg of dry FITC was added to a solution of PLG or BSA (50 mg in 4.5 ml PBS), 0.5 ml carbonate/bicarbonate buffer, pH 9.5, was added and the mixture rotated on a rotary mixer -for 1 h at room temperature. The crude conjugate solution was dialysed for 24 h at 4°C against several changes of the starting buffer for ionexchange chromatography (see below), and then fractionated on a column of Whatman DE 52 (W. & R. Balston Ltd., Maidstone, Kent, England) equilibrated with 0.01 M phosphate buffer, pH 7.6. Elution was stepwise, with buffer containing increasingly larger concentrations of NaCl (0.1, 0.15, 0.2, 0.3, 0.4, 0.6, 0.8 M). The eluate was monitored at 280 nm, fractions corresponding to the peaks pooled and the OD ratios (OD 280 nm/OD 495 nm) measured.
Protein concentration was calculated using the equations given by Brandtzaeg (3) , with the appropriate specific absorption as the divisor, and usually also determined by the Folin-Lowry method. The pooled fractions were concentrated by ultrafiltration through an Amicon PM 10 membrane (Amicon Ltd., Woking, Surrey, England) to a concentration of approximately 2 mg/ml, divided into aliquots and stored at -80°C with addition of 0.1 mg/ml sodium azide. For TRITC labelling of PLG, 1 mg dry TRITC was added to 50 mg PLG as above, but the crude conjugate was filtered through a Sephadex G50 column, instead of dialysed, before ion-exchange chromatography. For OD ratio measurements peak absorption (A max) for the sample of TRITC used ' Patients 18 and 19 were breast fed for 6/12 and 2/12 respectively. was 550 nm. Fractions were assessed using a direct immunofluorescent staining technique on sections of lymph nodes from guinea pigs immunised with the appropriate antigen (see below). Fractions giving good staining of cells with absence of background were then used to investigate the clinical material.
The fractions of fluorochrome-labeled antigens that gave the best staining were as follows: Fig. 2 . Jejunal specimen tiom a child with cow's milk protein intolerance: cryostat sectlor1 incubated with fluorescein labeled-P-lactoglobulin. Several green fluorescent plasma cells containing antibody to P-lactoglobulin are present (large arrows). Transmitted illumination also reveals orange-brown diaminobenzidine-stained eosinophils (small arrows). These would not be visible with incident illumination. C, crypt X875.
3,3'-diaminobenzidine tetrahydrochloride (BDH Chemicals Ltd., Poole, England) and 30% hydrogen peroxide (H202) (BDH Chemicals Ltd.). The anti-IgE was absorbed with K and h light chains before use to eliminate nonspecific immunoglobulin staining (15, 16) .
Adult white guinea pigs were sensitised by multiple intradermal injections in the suprascapular region of 1 mg of PLG or BSA in 0.5 ml of Freund's incomplete adjuvant. After 3 wk the animals were killed and the draining lymph nodes removed and processed for immunofluorescence (17) .
Immunofluorescent staining of plasma cells for immunoglobulin (Ig) class was carried out as previously described (17) . Staining for specific antibody with conjugated P L G and BSA was carried out similarly, but after a 15-min wash in PBS, sections were treated with DAB and H 2 0 2 to mask nonspecific fluorescent staining of eosinophils (15) [see also (39) ]. Controls were included of similar sections pretreated with unlabeled antigen and sections from control animals where appropriate. In double immunofluorescent staining of biopsies the sections were first incubated with TRITC-labeled PLG or BSA, followed by FITC-anti-human Ig's (class specific) with no intervening PBS wash.
Sections were examined with a Leitz Orthoplan microscope (E. Leitz Instruments Ltd., Luton, England) equipped with a Ploemtype vertical illuminator and a Wotan HBO 200 W lamp. Photography was with an Orthomat microscope camera (Leitz) using Kodak Ektachrome 400 film. This caused troublesome fading of fluorescence until our attention was drawn to the fact that addition of 1 mg/ml ofp-phenylenediamine to the buffered glycerol mounting medium greatly retarded immunofluorescent fading (14) .
RESULTS
Antigen binding cells could be demonstrated in sections of guinea pig lymph nodes using the appropriate fluorochromelabeled antigen. These cells were round or oval with a large round eccentric nucleus and strongly fluorescent agranular cytoplasm and were considered to be plasma cells containing specific antibody. Nodes from animals sensitised to PLG contained PLGbinding cells (Fig. I.) , which were not seen in sections pretreated with unlabeled PLG. Similarly, nodes from animals sensitised to BSA contained BSA-binding cells, which were not seen in sections pretreated with unlabeled BSA. BSA-sensitised nodes contained no PLG-binding cells and PLG-sensitised nodes contained no BSA-binding cells.
Cells binding PLG and BSA were also identified in many of ' Definitions: +, present; -, absent; . . ., not done; N, normal histology; the jejunal mucosal specimens (Fig. 2) . Specificity of the reaction PVA, partial villous atrophy; PLG, P-lactoglobulin; and BSA, bovine was established by blocking with unlabeled antigen as in the serum albumin.
guinea-pig lymph nodes. The response to antigen was considered NO. per 232 pm mucosal unit (21) .
to be positive if two or more ACC could be identified in two or not counted P C P C more sections. In all but three of the positive specimens the number of ACC was greater than this minimum. They varied from about 0.5% to (in one specimen-patient 12) 5% of the total (IgA + IgM) plasma cells.
The 16 biopsies from CMPI children taking CM were all tested with PLG, and eight were also tested with BSA. Eleven of the 16 were positive for PLG, and two of these 11 were also positive for BSA ( Table 3) . Only one of the six biopsies from children who were on a milk-free diet was positive for PLG (Table 4 ). In the control group (Table 5 ) all except one (No. 16) were tested with both antigens and all but one (No. 22) were negative.
The majority (12 out of 16) of the biopsies from patients with CMPI on CM showed partial villous atrophy, and this also occurred in two of the seven biopsies from patients on a CM-free diet and four of the eight controls. [Previous work (29) has shown that partial villous atrophy occurs frequently in children, even those with no gastrointestinal symptoms.] But the presence of ACC did not correlate with histologic abnormality either in the patient group or in the control group, and neither did it correlate with the IgA plasma cell count (Fig. 3) .
Double immunofluorescent staining was performed on three biopsies (patient Nos. 11, 13, and 15). The majority of ACC were found to be of IgA class (Fig. 4) but IgE ACC were also observed in patients 13 and 15 (Fig. 5) . No IgM or IgG ACC could be detected. Counts, necessarily performed on separate sections, gave estimates of 64 and 83% of the ACC as IgA class and 40 and 17% as IgE class.
DISCUSSION
In this study we have described a simple method that can be used on fresh and stored biopsy material to measure local mucosal antibody response to defined dietary proteins. This technique does not require any special equipment and falls well within the capabilities of a routine pathology laboratory. Brandtzaeg and Baklien (4) used a "sandwich" version of this method to demonstrate cells producing antibodies to a gliadin digest in the intestinal mucosa of a patient with coeliac disease and similar methods have been used for animal studies (6, 31) . The direct method we have used may be less sensitive, but avoids having to raise specific antisera.
We have found that cells containing antibodies to antigens contained in cow's milk are present in the human jejunal mucosa, and they occur far more frequently in children with CMPI, when on CM, than in a control group also on CM or in CMPI children on a CM-free diet.
The presence in jejunal biopsies of ACC demonstrated in this way may be diagnostically useful in allergic enteropathies; however, it may be that the presence of ACC merely reflects a mucosa that is unusually leaky to antigen together with the presence of milk proteins in the diet. This did not seem to be the case in our study, as the occurrence of ACC did not correlate with histologic abnormality (Fig. 3) , which has been considered to be associated with increased permeability to antigen (21) . Such a situation might, however, exist in coeliac disease (19) . Further, as it is possible that several different mechanisms may be responsible for CMPI (8) with varying components of local and systemic responses, the numbers of local ACC may be different in different groups of CMPI patients. There are also uncertainties in the kinetics of the plasma cell response. Pierce and Gowans (31) , investigating the immune response to cholera toxoid in rats, found that in primed animals ACC started to appear about 3 days after challenge, reached their maximum number at about 5 days, and had disappeared by about 10 days. [A similar life expectancy for IgA plasma cells in the gut has been found in other animal studies (25)l. Although ACC are likely to disappear fairly'rapidly on an antigen-free diet, it is possible that a longer time interval than is normally assumed may be necessary for their appearance after antigen challenge. This would account for the absence of ACC in some of our postchallenge biopsies taken 24 h or less after challenge [There is, however, evidence for long-lived IgE secreting cells (24, 28) ].
It is necessary to be cautious about the implications of our observations for the pathogenesis of CMPI. Circulating antibodies to dietary proteins have been fairly extensively studied (1, 18) but circulating antibodies do not necessarily reflect accurately what is going on locally in the mucosa (2, 32) . Whereas IgA almost certainly has a role in antigen exclusion (36, 38) and antigen elimination via the hepato-biliary system (30, 42) IgE antibodies are likely to be damaging. It is certain that IgE plasma cells do occur in thc human intestinal mucosa (26) in contrast to the suggestion from animal studies that the IgE containing cells were mast cells (22) . We have seen cells with separate affinities for BSA and PLG in a section from a biopsy containing IgE-ACC, but none with mixed specificity, such as would be expected to occur in mast cells. This suggests that some at least of our IgE-ACC were in fact plasma cells rather than mast cells; thus, we have evidence suggestive of a local production of reaginic antibodies to food proteins, which could mediate gastrointestinal allergy or open the mucosal 'gate' to allow increased antigen entry (5, 35) .
We conclude that this simple technique adds useful antigenspecific immunologic data to the information that can be obtained from intestinal biopsies. It is likely to be helpful in elucidating the mechanisms of food allergy, but requires further study before it can be used diagnostically in CMPI.
